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Amendments to the Claims : 

This listing of claims replaces all prior versions and listings of claims in the applica :ion: 
Listing of Claims : 

1 . (Currently amended) A process variable transmitter, comprising;: 

a first phase- locked loop having a first bandwidth producing a first output si;3:aal, and 
operable to lock into a frequency of an input signal; 

a second phase-locked loop having a second bandwidth narrower than the fu st 
bandwidth, producing a second output signal, and operable to lock into the frequency of the input 
signal with greater accuracy and greater immunity to noise than the first phase-lockod loop; and 

a switch operable to switch an output signal of the process variable transmit1<;r between 
the first output signal and the second output signal in response to a change in the fre c juencv, and 
based on at least one of a first lock indicator signal and a second lock indicator signal, wherein 
the first lock indicator signal indicates whether the first phase- locked loop is locked :i nto the 
frequency and the second lock indicator signal indicates whether the second phase-1 :' cked loop is 
locked into the frequency . 

2. (Currently amended) The process variable transmitter of claim 1 whsifem 
wherein: 

the second phase-locked loop generates [[a]] the second lock indicator signal w^hon tho 
second phaso locked loop is lock e d into tho fr e quency of th e input signal , and 

the switch switches between the first output signal and the second output sigial based on 
a status of the second lock indicator signal. 
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3. (Original) The process variable transmitter of claim 1 wherein at least o]ie of the first 
phase-locked loop and the second phase-locked loop comprises; 

a phase sensitive detector operable to receive the input signal and to produce a detector 
output signal; 

a loop filter operable to receive the detector output signal and to produce a filtered signal; 

and 

a voltage controlled oscillator operable to receive the filtered signal and to produce an 
oscillator signal, 

wherein the phase sensitive detector is fiirther operable to receive the os dilator signal as 
a feedback signal of the at least one of the first phase-locked loop and the second phase-locked 
loop. 

4. (Original) The process variable transmitter of claim 3 wherein the switch and each of 
the phase sensitive detector, the loop filter and the voltage controlled oscillator of at least one of 
the first and second phase-locked loops are implemented in a software process. 

5. (Original) The process variable transmitter of claim 4 wherein the switch and each of 
the phase sensitive detector, the loop filter and the voltage controlled oscillator of at least one of 
the first and second phase-locked loops is implemented in the software process on a siingle digital 
signal processor chip. 

6. (Original) The process variable transmitter of claim 3 wherein the phase :iensitive 
detector of at least one of the first and second phase-locked loops comprises a Hilbe^t 
transformer. 
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7. (Original) The process variable transmitter of claim 6 wherein the at Iea;i>t one of the 
first and second phase-locked loops comprises a heterodyning module operable to heterodyne the 
input signal prior to processing the input signal with the Hilbert transformer. 

8. (Original) The process variable transmitter of claim 1 further comprisin^^ an 
amplitude detector operable to sense an amplitude of the input signal and to gen erat? a low flow 
signal when the amplitude of the input signal is below a user-controlled value. 

9. (Original) The process variable transmitter of claim 8 further comprisinij a pre-filter 
operable to filter the input signal prior to processing by at least one of the first phast;- locked loop 
and the second phase-locked loop, and wherein, based on a status of the low flow siipiai, 

a fixed center frequency of the second phase-locked loop is switchable betwiuen the first 
output signal and l-nfph, where fph is a high cut-off frequency of the pre-fiUer, 

the pre-filter is switchable between an ON state and an OFF state, and 

the switch switches the output signal of the process variable transmitter to th:: second 
output signal. 

10. (Original) The process variable transmitter of claim 1 further comprising; a self- 
validating module operable to generate validated uncertainty parameters including a 
measurement value and an uncertainty value relating to the quality of the measuremi^ut value, 

1 1 . (Original) The process variable transmitter of claim 1 0 wherein the validated 
uncertainty parameters generated by the self-vahdating module include a measurement status 
variable. 

12. (Original) The process variable transmitter of claim 10 wherein the self- validating 
module is implemented in a software process. 
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13. (Original) The process variable transmitter of claim 1 wherein the process variable 
transmitter comprises a vortex flowmeter. 

14. (Currently Amended) A vortex flowmeter comprising: 

a flow sensor operable to sense pressure variations due to vortex-shedding oi'a fluid in a 
passage and to convert the pressure variations to a flow sensor signal, in the form of im electrical 
signal having sinusoidal characteristics; and 

a signal processor operable to receive the flow sensor signal and to generate an output 
signal corresponding to the pressure variations due to vortex-shedding of the fluid ir. the passage, 
the signal processor comprising: 

phase-locked loops (PLLs) having different characteristics from each other and 
operable to receive the flow sensor signal and lock onto the flow sensor signal, iind ]>roduce PLL 
output signals indicative of the flow sensor signal, and 

a switch for switching the output signal generated by the signal processor from 
among the PLL output signals in response to a change in the frequency, and based on one or 
more lock indicator signals, wherein the one or more lock indicator signals each indi c ate whether 
a corresponding phase-locked loop is locked onto the flow sensor signal . 

15. (Original) The vortex flowmeter of claim 14 wherein the signal processor is 
implemented by a software process in a digital signal processor chip. 

16. (Original) The vortex flowmeter of claim 14 wherein a first one of the PJXs is 
operable to lock onto the flow sensor signal faster than any other PLL, and a second one of the 
PLLs is operable to lock onto the flow sensor signal with greater accuracy and greater immunity 
to noise than the first PLL. 
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17. (Original) The vortex flowmeter of claim 16 wherein the switch switches the output 
signal generated by the signal processor firom an output signal of the first PLL to an output signal 
of the second PLL when the second PLL locks onto the flow sensor signal. 

18. (Original) The vortex flowmeter of claim 14 further comprising an amp itude 
detector operable to detect an amplitude of the flow sensor signal, wherein the amplitude 
detector generates a low flow signal when the amplitude of the flow sensor signal is below a 
user-controlled value. 

19. (Previously presented) The vortex flowmeter of claim 18 further comprising a 
filter operable to filter the flow sensor signal prior to processing by at least one of tliR PLLs. 

20. (Original) The vortex flowmeter of claim 19 wherein the filter is switch j.ble between 
an ON state and an OFF state, and is switched to the ON state based on the low flov^ signal. 

2 1 . (Currently Amended) A method of determining a flow rate sensed by a vortex 
flowmeter, the method comprising: 

inputting to a signal processor an input signal having sinusoidal characteristics, the signal 
processor comprising a first phase- locked loop (PLL) having a first bandwidth jmd ii second PLL 
having a second bandwidth narrower than the first bandwidth; 

locking into [[the]] a frequency of the input signal using the first PLL, the fi rst PLL 
having a fast loop filter having a large natural frequency to enable the first PLL to lock quickly 
into the frequency of the input signal; 

locking into the frequency of the input signal accurately using the second PLL, the 
second PLL having a slow loop filter having a small natural frequency to enable the second PLL 
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to lock into the frequency of the input signal more accurately and with greater iinmuiiity to noise 
than the first PLL; 

generating a lock indicator signal when the second PLL is locked into the frequency of 
the input signal; aad 

switching an output of tho signal proo e GGor b e tw ee n on output oignal produoid by th e first 
PLL and on output signal produced by th e s e cond PLL bas e d on the look indicator a hgfiat 

switching an output of the signal processor from an output signal of the first PLL to an 
output signal of the second PLL when the lock indicator signal indicates that the second PLL is 
locked into the frequency of the input signal: and 

switching the output of the signal processor from the output signal of the sec c ind PLL to 
the output signal of the first PLL when the lock indicator signal indicates that the s& : ond PLL is 
out of lock with the frequency of the input signal . 

22. (Cancelled) 

23, (Previously presented) The method of claim 2 1 further comprising providing the 
output signal of the first PLL to the second PLL as a center frequency of the second PLL to assist 
lock-in by the second PLL. 

24-27. (Cancelled) 

28. (Previously presented) The process variable transmitter of claim 1 wh erein the 
second phase-locked loop includes a center frequency input, and the center frequency input is 
coupled to the first output signal to assist lock-in by the second phase- locked loop. 
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29. (Previously presented) The method of claim 21 further comprising sv^ ttching the 
output of the signal processor from the output signal produced by the first PLL to the: output 
signal produced by the second PLL when the input signal indicates low- flow condit:x)ns. 

30-31. (Cancelled) 

32. (Currently amended) A vortex flowmeter comprising: 

a phase-locked loop operable to lock into a frequency of an input signal relaicd to 
pressure variations due to vortex shedding of a fluid in a passage , and operable to produce a 
sinusoidal output signal having substantially the frequency of the input signal : 

a signal processing module coupled to the phase-locked loop to receive the s i nusoidal 
output signal and operable to produce [[an]] a flow rate output signal relat e d to indic:ating a flow 
rate of the fluid in the passage, the flow rate output signal being based on the [[input ]] sinusoidal 
output signal; and 

a self-validating module coupled to the signal processing module and operable to 
generate validated uncertainty parameters for the flow rate output signal, wherein th? validated 
uncertainty parameters include a measurement value corresponding to the flow rate output signal 
and an uncertainty value relating to the quality of the measurement value , and the ur n .-.ertaintv 
value is based on an uncertainty of a frequency of the sinusoidal output signal . 

33. (Currently amended) The vortex flowmeter of claim 32 wherein the- salf- 
validating modulo ia oporablo to d e t e rmine an uncortointv valu e for th e output signed the 
uncertainty of the frequency of the sinusoidal output signal is based on an estimate cf a variance 
of the frequency of the sinusoidal output signal . 
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34. (New) The process variable transmitter of claim 1 wherein the switch is further 
operable to select the second output signal as the output signal of the process variable transmitter 
when the second lock indicator signal indicates that the second phase-locked loop ij locked into 
the frequency. 

35. (New) The process variable transmitter of claim 1 wherein the switch is further 
operable to switch the output signal of the process variable transmitter from the second output 
signal to the first output signal when the second lock indicator signal indicates that ihe second 
phase-locked loop is not locked into the frequency and the first lock indicator signal indicates 
that the first phase-locked loop is locked into the frequency. 

36. (New) The process variable transmitter of claim 8 wherein the switch is coupled 
to the amplitude detector to receive the low flow signal, and the switch is further opeirable to 
select the second output signal as the output signal of the process variable transmittiH* in response 
to receiving the low flow signal. 

37. (New) The vortex flowmeter of claim 14 wherein the switch is operable to switch 
the output signal generated by the signal processor from a first of the PLL output sij:;nals to a 
second of the PLL output signals based on a first of the one or more lock indicator j=i gnals 
indicating that the first PLL has lost lock and a second of the one or more lock indicator signals 
indicating that the second PLL is in lock. 

38. (New) A vortex flowmeter comprising: 

a flow sensor operable to sense pressure variations due to vortex-shedding o f a fluid in a 
passage and to convert the pressure variations to a flow sensor signal, in the fonn oJ an electrical 
signal having sinusoidal characteristics; 
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a signal processor operable to receive the flow sensor signal and to generate m output 
signal corresponding to the pressure variations due to vortex-shedding of the fluid in the passage, 
the signal processor comprising: 

phase-locked loops (PLLs) having different characteristics from each other and 
operable to receive the flow sensor signal and lock onto the flow sensor signal, and ]5roduce PLL 
output signals indicative of the flow sensor signal, and 

a switch for switching the output signal generated by the signal proce sjsor from 
among the PLL output signals; 

an amplitude detector operable to detect an amplitude of the flow sensor sigr al, wherein 
the amplitude detector generates a low flow signal when the amplitude of the flow s-msor signal 
is below a user-controlled value; and 

a filter operable to filter the flow sensor signal prior to processing by at least one of the 
PLLs, wherein the filter is switchable between an ON state and an OFF state, and is switched to 
the ON state based on the low flow signal. 



39. (New) A process variable transmitter, comprising: 

a first phase-locked loop having a first bandwidth producing a first output sit;;aal, and 
operable to lock into a frequency of an input signal; 

a second phase-locked loop having a second bandwidth narrower than the fir nt 
bandwidth, producing a second output signal, and operable to lock into the frequency of the input 
signal with greater accuracy and greater immunity to noise than the first phase-locke<l loop; 

a switch operable to switch an output signal of the process variable transmitttjr between 
the first output signal and the second output signal; 

an amplitude detector operable to sense an amplitude of the input signal and i:o generate a 
low flow signal when the amplitude of the input signal is below a user-controll&l va]i.ie; and 
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a pre- filter operable to filter the input signal prior to processing by at least one of the first 
phase-locked loop and the second phase- locked loop, and wherein, based on a statu:; of the low 
flow signal, 

a fixed center frequency of the second phase-locked loop is swiichable between 
the first output signal and Infph, where fph is a high cut-off firequency of the p re- filter, 

the pre- filter is switchable between an ON state and an OFF state, and 

the switch switches the output signal of the process variable transmitter to the 
second output signal. 

40. (New) A signal processing apparatus for acquiring a frequency of an input signal 
and producing an output signal, the apparatus comprising: 

a first phase-locked loop operable to lock into the frequency of the input sigjuil; 

a first lock indicator for generating a first lock indicator signal based on whe Uier the first 
phase-locked loop is locked into the frequency of the input signal; 

a self-validating module operable to generate validated uncertainty parameters based on 
the first lock indicator signal, wherein the validated uncertainty parameters include a 
measurement value corresponding to the output signal and an uncertainty value relaring to the 
quality of the measurement value; 

a second phase-locked loop operable to lock into the frequency of the input signal; and 

a second lock indicator for generating a second lock indicator signal based oci whether the 
second phase-locked loop is locked into the frequency of the input signal, 

wherein the self- validating module is operable to generate validated uncertainty 
parameters based on the first and second lock indicator signals, the validated uncertainty 
parameters include a measurement status variable, and the measurement status variable is: 

CLEAR when both lock indicator signals indicate lock. 
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BLURRED when one of the two lock indicator signals indicates lock iind the 
other of the two lock indicator signals indicates no lock, 

DAZZLED when both lock indicator signals indicate no lock, and 

BLIND when both lock indicator signals indicate no lock for at least a 
predetermined length of time. 

41. (New) The vortex flowmeter of claim 32 wherein the signal process! cig module 
includes the phase-locked loop. 

42. (New) The method of claim 21 further comprising maintaining a loclc into the 
frequency with the first PLL while switching the output of the signal processor Jrom the output 
signal of the second PLL to the output signal of the first PLL. 



